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Macromolecular Interactions and Repair Mechanisms

The recognition that administration of nitrosamines results in
the alkylation of DNA and the generation of at least 11 different
nucleoside and alkyl-phosphotriester adducts (Pegg, 1977; Singer,
1979) is consistent with the somatic mutation hypothesis of carcino-
genesis (Boveri, 1914; Burdette, 1955; Miller and Miller, 1971a).
The major alkylated base produced by the administration of NDMA is
7-methylguanine (Magee and Farber, 1962).  However, the formation of
this adduct does not correlate with the relative carcinogenicity of
NDMA, nitrosomethylurea, and methyImethane sulfate for the kidney
(Swan and Magee, 1968).  Furthermore, the degree of miscoding due to
7-methylguanine did not correlate with the degree of mutagenicity in
bacteriophage following exposure to methylating and ethylating agents
(Loveless and Hampton, 1969). Alkylation of DNA-derived guanine in
the 0" position is a more likely cause of mispairing and mutation
since this position is involved in base pairing.

In several classic studies, investigators have found that the
persistence of 0 -methylguanine in rats, probably as a consequence
of impaired excision repair, seemed to correlate with the distribu-
tion of neoplasms following administration of nitrosourea (Goth and
Rajewsky, 1974a,b; Kleihues and Margison, 1974).  However, tests in
some other species have indicated that there are exceptions to this
correlation.  For example, the susceptibility to development of neo-
plasms in the brain and liver of two different strains of mice did
not seem to depend only on the formation and persistence of 0 -
ethylguanine in DNA (Buecheler and Kleihues, 1977).  Furthermore,
0 -methylguanine persists in gerbil brains after treatment with
nitrosomethylurea, even though these animals do not develop brain
tumors (Kleihues e_t al., 1976).  Additional adducts such as 0 -
alkylthymine, N'-alkylureas, and N-3-alkylpyrimidines are also sus-
pect (Krbger and Singer, 1979; Lawley, 1974, 1976; Singer, 1979).
Alkylphosphotriesters may affect chromatin structure (Cooper and
Itzhaki, 1975), but their prevalence suggests they are unlikely to
be strong mutagens.  In the future, quantitation of adduct formation
will be aided by the continued development of more refined radioimmun-
oassay procedures (Poirier, 1981; Poirier and Yuspa, 1981). These
methods may ultimately become valuable in the assessment of human
risk since the covalent binding of carcinogenic compounds can be
studied in organ cultures of tissues derived from humans at autopsy
(Harris, 1981).

Finally, it appears advisable to maintain proper perspective
concerning adduct formation, repair mechanisms, and cell replication
in assessing risks for humans.  Frei (1976) has aptly referred to a
"contest or race" between DNA replication and DNA repair that is of
fundamental importance in the carcinogenic process.  According to
this concept, conditions that accelerate replication or delay repair
may foster miscoding and, presumably, increase the number of mutations
and the degree of carcinogenicity, whereas conditions that delay